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      Abstract


      Essential Tremor is the most common movement disorder, but many aspects of this common condition are unclear. There have been multiple updates in the field of Essential Tremor in last few years, that has improved our understanding to some extent. Recently, consensus criteria for classifying tremor disorders was published. Special emphasis was on Essential Tremor, to facilitate better phenotyping and understanding of underlying etiology. Purpose was to identify homogenous population of different tremor syndromes. In addition, recent work focused on developing non-motor neuropsychological tests that can be used for Essential Tremor patients. A study used these tests to identify MCI subtypes associated with Essential Tremor. Further studies have been conducted to study gait and mood difficulties in Essential Tremor patients. Concept of early and late onset Essential Tremor as distinct clinical entities was not endorsed by recent neuropathological study. MRI guided focused ultrasound thalamotomy was FDA approved for patients with refractory Essential Tremor. This review summarizes the recent advances in the field of Essential Tremor.
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      Essential Tremor (ET) is the most common movement disorder [1]. Despite its common presence, exact etiology, phenotypic diversity, associated symptoms, clinical course, response to medications and surgery is unclear. The term "Essential Tremor" is widely used in neurology and at times diverse types of tremor are labelled as ET without clear understanding [2]. Due to lack of understanding, there are concerns for over-diagnosis and possibility of mismanagement. There have been attempts to develop a classification scheme for tremor to identify different phenotypes, underlying etiology and associated neurologic symptoms, but there are still different opinions and lack of understanding among clinicians.


      Classification


      Initial consensus criteria for tremor classification was developed in 1998 by Movement Disorder Society [3]. It was recognized that different controversies exist, and similar phenotypes can be classified differently based on individual observation [4]. Diagnosis of tremor was based on clinical classification only, as etiologies are unclear and multifactorial. Clinical diagnosis was based on history and examination.


      Meaning of Essential Tremor has evolved over time [5]. For a long time, it was considered as a "pure tremor" with no other neurologic and non-neurologic symptoms and signs [6]. Presence of other neurologic signs virtually excluded ET as a possible diagnosis, but this concept is changing rapidly. ET is now considered to be a "syndrome" that can be associated with other symptoms [7]. Consensus statement on the classification of tremor was revised and published by the task force on tremor of the International Parkinson and Movement Disorder Society in 2017 [8]. Task force defined tremor as an involuntary, rhythmic, oscillatory movement of a body part.


      The proposed classification has two main axes. Axis 1 is based on clinical features and Axis 2 is based on etiology. Axis 1 is quite broad and includes clinical history, examination, laboratory tests, receptor imaging, and biomarkers. Clinical features to be considered in axis 1 include age of onset, family history, temporal evolution, exposure to drugs, toxins, body distribution, activation conditions, frequency and associated signs. Onset after 60 years of age is to be considered as late adulthood. No change was proposed in activation conditions. Two main activation conditions are rest and action tremor. Action tremor includes postural, simple kinetic, intentional, task specific and isometric tremor. Based on Axis 1, ET can be classified as Essential Tremor and Essential Tremor plus. Essential tremor is defined as bilateral upper extremity action tremor for at least 3-years duration, with or without tremor in other locations and no other neurological signs. ET plus is tremor with similar characteristics but may have additional neurological signs such as impaired tandem gait, memory, dystonia or other mild neurologic signs of unknown significance. Isolated voice, head, orthostatic, task and position specific tremor are not part of ET syndrome as per new classification scheme. 3-years duration was included to exclude the possibility of tremor syndrome evolving into another neurodegenerative syndrome.


      Etiology


      One of the goals of developing this classification system is to help with determination of underlying etiologies. For a while, it was considered to be a genetic disorder only. But due to phenotypic diversity, it is likely that underlying etiology is multifactorial and complex. Not a single gene has been linked to ET with certainty. Few genetic loci had been implicated e.g. 3q13, 2p22, 6p23 and other variants as per genome wide association studies but none had been accepted as the final genetic variable involved in pathogenesis of ET [9-11]. Besides, disease penetrance is incomplete, even in older age group [12]. Like other neurodegenerative disorders, there is a possibility that environmental exposure along with genetic predisposition triggers the pathway leading to clinical syndrome. Like genetic etiology, no single environmental toxin or exposure had been linked with ET pathogenesis. But, few studies have shown that toxins impacting cerebellum may be associated with increased risk of developing ET. These toxins include harmine, harmane, lead and ethanol abuse [13-15].


      Neuropathology


      There have been diverse opinions about the neuropathology underlying the genesis of ET. It was postulated for a long time that a central oscillator exists and pathology in such oscillator causes ET, though definite evidence to prove this had been lacking. Recently, postmortem studies in ET patients have demonstrated degenerative changes in cerebellum. Purkinje cells in cerebellum have demonstrated signs of injury. Torpedoes (swelling in Purkinje cell axons due to abnormal accumulation of proteinaceous material) were reported in injured Purkinje cells [16,17]. Abnormalities in the synaptic connections between cerebellar input fibers and Purkinje cell dendrites have been noted. Patients with ET had decrease in climbing fibers and Purkinje cell synaptic density [18]. Increase in synapses were noted with peripheral thin Purkinje cell spiny projections. All these changes are indicative of neurodegeneration in cerebellum. Louis, et al. demonstrated increase in number of cerebellar torpedoes in ET patients. In their study, morphological analysis of the Purkinje cells showed increase in dendritic swellings, axonal branching, axonal recurrent collaterals and terminal sprouting in ET patients as compared to healthy controls.


      On the contrary, another postmortem series demonstrated Lewy bodies in ET brains. These bodies were abundant in locus ceruleus as compared to other brain stem nuclei [19,20]. Nor-epinephrine is the main neurotransmitter in locus ceruleus (LC). Purkinje cells receive projections from LC. Another postmortem study showed intranuclear inclusions in cerebellum [21]. These findings point toward cerebellum as the potential site of neurodegeneration in ET patients. Hence, within cerebellum, there are heterogenous pathological findings which may explain clinical heterogeneity.


      Age of Onset


      Another controversy that has arisen in recent years is to distinguish between ET cases based on age of onset. Deuschl, et al. proposed in 2014 that tremors occurring later in life (> 65 years) are not classical ET, rather an age-related tremor (ART). Incidence of ET increases with age. A meta-analysis suggested that action tremor may be seen in 10% of individuals above age 90. They argued that ET is fully penetrant after age 65 years, hence, these patients have ART, a different disease entity as compared to classical ET. Their study suggested increasingly higher prevalence of ART with older age, faster progression and association with higher mortality [22]. A similar study suggested distinction between early and late-onset tremor [23]. At the same time, Louis, et al. have shown that penetrance of ET is not complete by the age of 65 years [12]. Hence, there is a possibility that age of onset and clinical progression is heterogeneous due to diverse etiology and pathogenesis. In another study, Kuo, et al. studied the postmortem changes in cerebellum of ET brains and included young and old onset. 30 ET cases with age of tremor onset < 50 years, 30 ET cases with age of onset > 50 years and 30 controls were included in the study. They also used alternative age of onset cut-points, 40 and 60 years. Similar pathologic findings were reported for early onset and late onset ET cases, and results stayed the same with all age of onset cut-points. Hence, this study did not support the earlier hypothesis of ART being a distinct clinic-pathological entity [24]. This is still an ongoing debate and needs to be proven in larger, prospective studies.


      ET and Cognition


      There is a growing notion that ET may be associated with cognitive deficits. Multiple cross-sectional studies have shown that ET patients may have deficits in executive functioning, attention, concentration, verbal fluency, naming, recent and working memory [25-29]. These deficits are due to alternations in circuitry between cerebellum, thalamus and cortex [30]. Recently, this work was expanded to develop motor free neuropsychological tools. Cersonsky, et al. identified five non-motor tests in the domains of memory and executive function that best predicted mild cognitive impairment in ET subjects. Tests included California Verbal Learning Test II Total Recall, Logical Memory II, Verbal-Paired Associates I, Category Switching Fluency and Color-Word Inhibition [31].


      Mild cognitive impairment had been reported in ET patients. MCI subtypes in ET patients was explored by Park, et al. They found that most of ET patients (56%) had non-amnestic MCI as opposed to amnestic MCI [32]. Collins, et al. conducted a study recently, which utilized motor-free neuropsychological tests. 71% of ET patients had normal cognition, 18.8% had MCI and 10% were reported to have dementia. MCI cases were further stratified into MCI subtypes. Majority of the cases were amnestic-MCI (70.8%) and majority of cases were also multi-domain MCI (66.7%). The most commonly affected domain was memory, followed by attention, executive function, language and then visuospatial. These results contrast with those reported by Park, et al. and previous studies in which executive dysfunction was the most common cognitive deficit [33]. These results need to be tested in larger, longitudinal studies, as these findings can have long term implications. Amnestic MCI in ET patients may be a marker of early neurodegenerative disorder, Alzheimer dementia or similar pathology, hence changing the approach how these patients will be followed and treated.


      ET and Gait


      There are multiple studies about association of ET and gait impairment, over the last two decades. Most of the studies used bedside clinical tests for gait examination. More mis-steps during tandem gait, reduced speed, impaired balance and slower walk were the common findings [34-37]. Some of the studies used quantitative gait assessment tools and reported comparable results [38]. Deficits were severe with increasing age and presence of head tremor. In a recent study, Louis, et al. compared gait and balance of first degree relatives of ET cases to that of age-matched controls. First degree relatives of ET patients reported more near-falls and reduction in balance confidence as compared to controls. They also had more difficulty in maintaining tandem stance. They concluded that this could represent a preclinical phase for ET, similar to seen in other neurodegenerative disorders [39].


      ET and Depression


      Depression has been studied in ET patients. Significantly increased depression had been reported in ET patients as compared to controls [40,41]. There have been conflicting reports of correlation between tremor severity and depression. Some studies found no correlation while others reported that depression was associated with worsening tremor severity [27,29,42]. Recently, Aslam, et al. compared 104 ET subjects with 481 non-ET controls. Hamilton Depression Scale, Geriatric Depression Scale and Neuropsychiatric Inventory were used for assessment. No significant differences in depression were found between ET and non-ET groups. In addition, there was no correlation between depression and tremor severity, duration or age of onset [43]. These results contrast with prior reports and merit further studies and continued assessment of ET patients for neuropsychiatric symptoms.


      Essential Tremor and Electrophysiology


      Use of electrophysiology to define different characteristics of tremor and distinguish between tremor syndromes has been explored in the past. None of the identified parameters were singled out as significant tool to discriminate between tremor types. In 2011, Nistico, et al. recruited 15 Parkinson disease (PD) and 15 ET patients for electrophysiological examination. They demonstrated that muscle burst duration and frequency was higher in ET patients as compared to PD. In addition, rest tremor in ET patients showed a synchronous pattern where PD patients had an alternating pattern. This was statistically significant to differentiate ET rest tremor from PD tremor [44]. Similar results were reported recently by Arabia, et al. They performed electrophysiological studies on 37 tremor predominant PD patients, 48 ET patients and 19 ET-PD patients (ET patients who developed PD). ET-PD patients showed a synchronous pattern of resting tremor in contrast to PD patients. They also had an abnormal blink-reflex recovery cycle, an electrophysiological feature not seen in ET patients. It was concluded that these two electrophysiological parameters can be used to differentiate between ET, tremor predominant PD and ET-PD phenotypes [45]. These results need to be verified in larger cohorts.


      Essential Tremor and Imaging


      Advanced imaging techniques, including standard MRI, diffusion MRI and PET scan, have been studied to determine the structural substrate in ET patients. Most of these studies pointed towards cerebellum or the related networks as the likely anatomical structure implicated in the pathogenesis of ET [46]. Diffusion tensor imaging is an MRI technique that determines water diffusion (mean diffusivity, MD) and diffusion directionality (fractional anisotropy, FA). This technique is helpful to determine axonal injury or white matter disruption. Recently, Juttukonda MR, et al. conducted a study to assess white matter integrity in patients with ET and PD. They reported that FA values helped to differentiate ET from PD. Based on these values, white matter microstructural changes in ET localized to thalamus, visual related pathways and cerebellar peduncles. This was not observed in PD patients. These findings corroborated prior functional imaging studies and suggested that pathologic white matter changes involving the afferent and efferent pathways of the cerebellum occur in patients with ET as compared to PD. Understanding of these structural changes will not only help to identify pathogenic mechanisms underlying ET but also provide us with a biologic marker to distinguish between ET and PD [47].


      Mortality in ET


      Risk of mortality in ET patients was studied in a longitudinal, prospective study of 201 ET cases. They were compared with 465 age-matched controls. Risk of mortality was increased in ET subjects as compared to controls [48]. Louis, et al. conducted a longitudinal, prospective study of 141 ET cases to determine predictors of mortality in ET patients. Older age, cognitive decline, depression, imbalance, and falls were associated with increased risk of mortality. Older age, cognitive decline and depression were independently associated with increased risk of mortality [49]. Despite its limitations, this study reinforced the notion that ET patients should be evaluated comprehensively, and regular monitoring of gait, cognition and mood should be done.


      Treatment of ET


      Medical management of Essential Tremor has not evolved much. Despite growing understanding of neuropathology, clinical features and non-motor symptoms, first line treatment of the syndrome remains the same. Primidone, propranolol and topiramate are the first line medications for ET. Botulinum toxin injections have been used for the treatment of ET for over 2 decades, but the use is still off-label. Two prior studies on use of botulinum toxin injection in essential tremor reported improvement in hand tremor. But the injections were given in fixed dose and fixed muscles [50,51]. Recently, Mittal, et al. conducted the first randomized, double-blind, placebo-controlled study with customized injection of botulinum toxin injection for ET patients. 80-120 units were injected into 8-14 hand and forearm muscles. These muscles were selected after careful clinical examination and these findings were confirmed via needle electromyography (EMG). Muscle selection for every patient was different based on tremor activity noted on examination and EMG. These patients were followed for 28 weeks and the treatment efficacy was evaluated by the FahnTolosa Marin tremor rating score and NIH genetic criteria for tremor severity at 4 and 8 weeks after each of the two sets of treatments. Statistically significant improvement in tremor score at 4 and 8 weeks after botulinum toxin injection was reported [52]. These findings merit further validation via larger study but assures that further improvement in injection technique will provide more options for management of ET patients.


      Surgical management of Essential Tremor has evolved over last few years. Deep brain stimulation (DBS) of ViM nucleus of thalamus and thalamotomy are FDA approved surgical options for patients with ET [53]. DBS implants have been upgraded with time and implants by different vendors have been approved. This has broadened the options available for neurostimulation. With availability of rechargeable DBS batteries, patients don't have to undergo battery replacement frequently. Field of neurostimulation hold more promises in the future, as directional leads, adapative DBS and more refined platforms for programming become available [54].


      In 2016, New England Journal of Medicine published results of a randomized trial of focused ultrasound thalamotomy for ET. 76 patients with refractory, severe ET were included. MRI guided, transcranial, unilateral focused ultrasound thalamotomy significantly reduced hand tremor at 3 months and the effect persisted till end of the 12-month study [55]. Comparison between DBS and ultrasound guided thalamotomy for ET patients is not available, but it is clear that latter is an irreversible procedure with no further modification possible. So far, in most of the practices, ablative procedures are reserved for patients who are either not willing to undergo intracranial surgery or those who are medically not fit for surgery and/or anesthesia. Nevertheless, it is a new procedure with its pros and cons and should be kept in mind when evaluating a refractory ET patient.


      Essential Tremor remains a broad term and likely encompass a variety of tremor syndromes. We have developed our understanding of ET over last few decades but much needs to be explored and clarified. Recent updates have helped to answer some of the questions but have added few to the list that needs to be answered. For instance, how well the new classification scheme will be implemented in clinical practice and how is it going to impact ET research? Is age related tremor a distinct entity or perhaps ET plus? Are memory changes in ET indicative of a progressive neurodegenerative disorder? Is there a preclinical phase for ET? Do we need to develop new assessment scales for tremor that will include other neurological signs seen in ET plus? What will be the long-term effects of ultrasound guided thalamotomy in ET patients? Longitudinal studies of large cohorts of ET patients are much needed to validate some of the previous work.
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